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INTEGRATED URBAN WATER RESOURCES MANAGEMENT
The provision of a secure supply of water for increasing populations in climate challenged regions is a critical issue. Australia is the world's driest inhabited continent with unpredictable rainfall patterns, hence the significant focus on conserving and sustainably managing the nation's already finite water supplies (Birrell et al., 2005 , Commonwealth of Australia, 2008b . Queensland, an eastern state of Australia, has become increasingly hotter and drier, with trends indicating reduced rainfall of up to 50mm annually (Commonwealth of Australia, 2010 , Anderson, 1996 . This reduced rainfall trend is occurring over concentrated urban centres, where much of the nation's population resides, resulting in rainfall-dependent eastern Australian cities and towns having water supplies fall to record low levels over the past ten years (Commonwealth of Australia, 2008a , ABS, 2010 . Traditionally, the supply of water for cities and towns placed a heavy reliance on dams, weirs or rivers but changing weather patterns and the growing urban population's water demands have necessitated a new approach (Barlow, 2009) . Hence, Australia is now focussed on the development, planning and implementation of new water demand reduction initiatives to meet short-term water supply deficiencies and to manage long-term demand, together with supply augmentations including desalination (Turner et al., 2005 , Webb, 2007 , Barlow, 2009 .
Integrated sustainable water resources planning and management has become a key driver of a raft of measures required to ensure future water demands are satisfied (WSAA, 2008) . This sustainable water resources planning and management method involves the introduction and application of alternate supply options (such as desalination or recycling), water demand management measures (efficient devices, water restrictions and price controls) and source substitution initiatives (rainwater tanks, stormwater or recycled water), for a sustainable and secure source of water for future populations (Mitchell, 2006) . The application of demand management and source substitution initiatives is widespread throughout the nation. However, the effective potable end use water savings which can be achieved by these measures is assumed or predicted and in almost all cases, and often remains unverified after application (Turner et al., 2007, Turner and White, 2006) . The verification of effective water savings related to such initiatives is vital for the improvement of water services planning; for the accurate forecasting of water supply and demand and for strengthening the knowledge and application of such sustainable water management initiatives for the future (WSAA, 2003 , WSAA, 2008 .
Water services planning
Urban water demand forecasting used for the planning of water services infrastructure has been carried out for decades with consistent improvement occurring with the invention of new data collection techniques, analysis and modelling technologies. Predicting urban water demand requires an understanding of historical water services records, projected changes in demand patterns and system performance (DNRM, 2005) . Water demand modelling elements, as detailed by WSAA (2003) , include diurnal patterns, end use water consumption, peaking factors (maximum day, mean day maximum month and maximum hour), fire fighting parameters, system losses, non-revenue water and pressure parameters. These and other climatic, demographic and consumer influences are detailed in Figure it is well documented that all too often 'demand forecasting studies have relied on projections of historical metered data without considering end uses' or by adopting end use data from different locations or countries (WSAA, 2003, pp. 6) . Because household water consumption differs between countries, locations and populations, it is paramount that location specific end use data is utilised for local demand forecasting (Turner et al., 2005, Inman and Jeffrey, 2006) . Giurco et al. (2008a) state that end use water consumption data is also required for the determination of actual potable water savings of alternative supply sources and water demand management initiatives. End use data assists in refining and validating the design assumption parameters that influence the planning of water services infrastructure (Gato, 2006) . The advent of high resolution water meters and loggers along with affordable wireless communication technologies has enabled the dynamic, accurate measurement and data transfer of end use water consumption information (Stewart et al., 2010) .
Water end use and diurnal patterns
Water end use studies provide data to assist in the determination of when, where and how residents consume water in the home (Giurco et al., 2008a , White, 2001 . End use studies also offer 'significant opportunities for providers to improve water service delivery and long term planning' through the provision of detailed consumption data utilised for water demand predictions (Giurco et al., 2008a, pp. 1) . The collection of end use data also assists with verification of other demand forecast factors including diurnal patterns and peaking factors like maximum day, mean day maximum month and maximum hour. Diurnal patterns demonstrate the demand or consumption across a day in hourly intervals. This pattern varies depending on the population, weather, the time of year, the day of the week (i.e. weekday versus weekends), season and residential consumption characteristics (Zhou et al., 2002) . In Australia, end use water consumption studies have been undertaken in Perth and Melbourne, and most recently, the herein described investigation on the Gold Coast. Studies have been done in the USA and New Zealand. In Queensland, numerous bulk supplied diurnal patterns have been determined for forecasting total residential urban water use. However, end use water consumption and end use diurnal patterns for Queensland and for the Gold Coast are not available. Melbourne also detailed end use water consumption diurnal patterns for winter and summer use. In Roberts (2005) winter study, end usage peaked between 7 and 8am (9.1% of total use), mostly due to showering, and between 6 to 7pm (6.9% of total use) due to a range of end uses in the home. Summer morning end use peaked between 7 and 8 am (8.3% of total use) while the evening peak occurred between to 9 to 10pm (10.3% of total use) due to significant irrigation usage (Roberts, 2005) . While Mead's (2008) Toowoomba end use study was only from a small sample, end use diurnal patterns were detailed. Mead's (2008) highest peak occurred between 7 to 8am in the morning at 38 litres per household per day (L/H/d) with the evening peak occurring between 5 to 6 pm (32 L/H/d). Shower usage was the highest end use contributor in both morning and evening peaks. Weekend data showed flatter and longer peak periods in the morning, with similar patterns for the evening. Clothes washing was an influential end use peaking factor on the weekends (Mead, 2008) . The variability described between indoor, outdoor and diurnal consumption patterns determined through earlier end use studies prompted Giurco (2008a) and WSAA (2003) to encourage more research in this field.
End use investigations into the effective water savings attributed to demand management and source substitution initiatives are required (Giurco et al., 2008b , WSAA, 2008 .
The use of recycled water for specified end uses is well accepted as an effective and sustainable measure of water conservation and other schemes have been implemented throughout Australia (Marks and Zadoroznyj, 2005 , Anderson, 1996 , Po et al., 2005 . The six schemes currently present throughout the nation include Rouse Hill (Sydney Water), Mawson Lakes (Adelaide), New Haven Village (Adelaide), Aurora (Melbourne), Marriott Waters (Melbourne) and the herein described Pimpama Coomera scheme (Gold Coast) (Willis et al., 2010a) . All these schemes supply recycled water for toilet flushing and irrigation. These schemes were all premised on modelled predictions of end use and total potable water savings which could result from the application of dual reticulated recycled water. Predicted water savings ranged from 30-50% of the households' total demand (Hurlimann and McKay, 2006, Fearnley et al., 2004) . Bulk supplied data have been recorded at Rouse Hill and New Haven Village with savings between 35-50% found respectively (Sydney Water, 2008 , Fearnley et al., 2004 . Actual potable water savings for the other dual reticulated schemes are yet to be published. To date, no data have been published internationally on the actual water end use sourced from domestic potable and recycled service pipes within dual reticulated regions, nor has there been any verification of modelled end use diurnal demand patterns for these unique supply areas. Such field-collected end use data are necessary to improve forecasting, water services planning and to strengthen the application of similar schemes.
Gold Coast's Pimpama Coomera dual reticulation scheme
Gold Coast City is one of South East Queensland's major urban growth areas with the population predicted to grow from the current 0.5 million to 2.5 million people by 2056 (Po et al., 2005) . This population expansion would trigger water consumption increases from the The PCWF Master Plan is the blueprint for sustainable integrated urban water management, for the Pimpama Coomera region of the Gold Coast, which is largely undeveloped and one of the fastest growing residential areas in Australia (Po et al., 2005) . It stipulates the provision of sustainable water sources for a projected 150,000 people in 2056 (Pimpama Coomera region only) through the inclusion of dual reticulated recycled water, water conservation through water demand management (WDM) measures, rainwater tanks, stormwater management and smart sewers. The PCWF Master Plan region is Australia's first centralised dual reticulation distribution scheme for recycled water, providing Class A+ recycled water for approved end uses, which include toilet flushing and external irrigation (with the exception of filling pools and spas). Class A+ recycled water is the highest quality of recycled water for non-drinking purposes in the State of Queensland, Australia. It was predicted that between 30 to 40% of traditional communities' existing consumption could be substituted by recycled water. The introduction of rainwater tanks and water conservation measures would also reduce total potable water consumed in the PCWF Master Plan region (GCW, 2004) .
The Pimpama Coomera (PC) End Use Study is a component of the wider Gold Coast Watersaver End Use (GCWSEU) Study which commenced in 2007 (Willis et al., 2009) . The GCWSEU study was developed to investigate end use water consumption on the Gold Coast.
Other objectives include establishing the effective end use savings attributed to dual reticulation and water demand management initiatives such as efficient and resource consumption awareness devices (Willis et al., 2010b) . To date, there have been no end use investigations on dual reticulated recycled water schemes. Hence, the PC End Use Study was focused on establishing the end use water consumption, pre-and post-recycled water commissioning, and to determine savings attributed to a dual reticulated recycled water supply scheme (Willis et al., 2010a) . The end use evaluation of a dual reticulated region is the first of its kind, both nationally and internationally. 
OBJECTIVES AND SCOPE OF THE PAPER
The objectives of Phase 2 of the PC End Use Study are: For a comprehensive explanation of the methods undertaken to complete the GCWSEU study, readers are referred to Willis et al., (2009) , Willis et al., (2010a) and Willis et al., (2010b) .
The results of the above described method are detailed below. demonstrates that the indicators and methodology used to predict recycled water irrigation uptake post-commissioning was relatively accurate and provides rigour to the utilisation of this predictive model for recycled irrigation uptake. While, the differences between the Phase 1 recycled water uptake prediction and the Phase 2 actual recycled water consumption are not dramatically different, this variation does support the need to undertake data collection to verify predictions and assumptions. This data also allows for the strengthening and validation of the Phase 1 PC End Use Study recycled water uptake prediction model. Some alteration will need to be made to the predictive model to include an increase in consumption for both toilet and leakage coinciding with an increase in average daily demand.
COMPILATION OF END USE AVERAGE HOURLY DIURNAL PATTERNS

Developed end use diurnal pattern software tool
A software tool was developed to assimilate data files containing household end use water consumption events into patterns of average hourly use. The software was designed to read water usage events from analysed end use data files (interchangeable Trace Wizard/MSAccess) and collate the individual fixture use events into hourly usage periods across a day.
The tabulated data can be grouped within user selected time periods, from hourly (24 graph points) through to five minute intervals (288 graph data points). This function enables the display of data to the resolution detail required within an average day 24 hour period. The software can collate single and/or multiple files as indicated by the user, in order to explore the determination of water usage from particular regions, suburbs or homes with a particular socioeconomic status or varying occupancy. The software outputs compiled data in the form of a spreadsheet and/or graph. As further elaborated below, end use diurnal patterns, which are premised on actual high resolution smart metering data for a particular region, provide essential information for a range of infrastructure planning functions.
Diurnal patterns of consumption
Average hourly water consumption patterns demonstrate daily water demand and peak usage throughout the day. Diurnal patterns were determined for both the single and dual reticulated 
End use diurnal patterns of consumption
Daily end use consumption patterns allow for the determination of water use events that contribute to peak demands. 
Variation in peaks between single and dual reticulated supply schemes
Dual supply regions introduce two separate reticulated supply sources to reduce the average daily and peak demand on potable supply systems as experienced in single reticulated regions. between the single and dual reticulated supply regions, the introduction of a recycled water supply network does reduce the average daily demand and peak demands when compared with traditional single reticulated supply. Understanding end use daily patterns of demand has significant application and implication for sustainable urban water planning and management.
CONCLUSIONS, IMPLICATIONS AND FUTURE DIRECTIONS
The results from this end use investigation provide much needed data for the verification of end use water consumption and daily demand patterns in single and dual reticulated water supply regions. This is a unique world first investigation predicting and measuring actual end use water consumption in a dual reticulated water supply region. The recycled water uptake, post-commissioning (Phase 2), was higher than initially predicted pre-commissioning ( The collected end use data from the PC End Use Study will inform the sizing of infrastructure, can assist in delaying infrastructure upgrades and also validating and directing water treatment and pumping requirements of potable and recycled water to regions in the Gold Coast, Australia. Understanding recycled water demand also allows for accurate forecasting of recycled water discharges for the environment. The data also provides verification of the assumptions made in the PCWF Master Plan for recycled and potable water consumption and savings. Data can also be used to inform the development of demand management messages to offset peak usage periods i.e. encouraging showering in later hours of the day when possible and to encourage PC residents to use recycled water almost exclusively for external irrigation.
Overall, the results from this study support the application of dual reticulated schemes through significant reductions in peak demand on potable water supply infrastructure and by the reduction of average potable water demand by 59.1 L/p/d or 32.2%. The diurnal patterns of daily demand differ extensively between the single and dual reticulated regions demonstrating the unique consumption patterns in these alternative supply schemes.
Information gathered through this study will assist in the refinement of predictions and assumptions for both end use and diurnal demands for single and dual reticulated regions water infrastructure planning. It will allow for accurate forecasting and modelling resulting in informed decision making for water infrastructure sizing and upgrades and future supply and demand requirements in the Gold Coast. 
